Abstract. The aim of the present study was to investigate the significance of the phosphorylation of mitogen-activated protein kinase (MAPK) and the protein expression of cyclin D1 in human osteosarcoma tissues. Human osteosarcoma tissue samples were collected from 30 patients, benign bone tumor samples were collected from 30 patients, and normal bone tissues were collected from 10 individuals as controls. Immunohistochemistry was performed to measure the levels of phosphorylated (p)-MAPK and cyclin D1 protein in cases of human osteosarcoma. The results showed that the positive rates of MAPK and cyclin D1 in osteosarcoma were 86.67% (26/30) and 73.00% (22/30), respectively. The positive staining rates of MAPK and cyclin D1 in benign bone tumor tissues were 10.00% (3/30) and 3.30% (1/30), respectively. The positive rate in the normal bone tissues was 0% (0/30), which was significantly lower, compared with that of the cancerous bone tissue. The positive rates of MAPK and cyclin D1 in osteosarcoma were increased (P<0.05), and the expression of cyclin D1 and p-MAPK were positively correlated. The phosphorylation of MAPK may be important in the development of osteosarcoma, and the overactivation of MAPK may induce high expression of cyclin D1 and induce tumor cells to proliferate continuously.
Introduction
Osteosarcoma is the most common primary tumor of bone tissue, is more common in young individuals and exhibits a high degree of malignancy (1, 2) . The treatment of osteosarcoma comprises neoadjuvant chemotherapy and surgery. The five-year survival rate remains at a level of 60-70%, and has not increased significantly (3) . The primary reason for this is that the mechanism underlying its pathogenesis remains to be fully elucidated. The formation and development of the tumor is multifactorial, multistage and a gradual evolution process. Early diagnosis and timely intervention is essential for improving the prognosis. Investigation of the association between cell proliferation and cell signaling has become an area of increased interest (4, 5) .
As the axis of several types of signal channels, mitogen-activated protein kinase (MAPK) cascade activation is a key member in the receipt of signals, which are transferred and carried by membrane receptors into the nucleus (6, 7) , which is key to numerous signaling channels associated with cell proliferation.
The overexpression of cyclin D1, which is referred to as one of the regulatory factors in the cell cycle, is a characteristic of several types of human primary tumor, and is of vital significance for the diagnoses and prognoses of tumors (8, 9) .
In order to elucidate molecular abnormalities of the signaling cascade in the growth inhibition and growth of osteosarcoma, cell proliferation and malignant transformation-associated mechanisms, the present study detected MAPK, phosphorylated (p)-MAPK and cyclin D1 using immunohistochemical staining in tissues of osteosarcoma and benign bone tumors, and in normal bone tissues as a control. The association between p-MAPK and expression of cyclin D1, and the mechanism underlying the formation of osteosarcoma were examined to identify novel techniques for its early diagnosis.
Materials and methods
Patients and controls. In the last three years, samples of human osteosarcoma and benign bone tumor tissues were collected from 60 patients (30 patients with human osteosarcoma and 30 patients with benign bone tumor), who received surgical resection at The First People's Hospital of Yancheng City (Yancheng, China), and had been diagnosed via pathological confirmation. Detailed clinical and pathological data were collected from each patient, and none of the patients had received preoperative chemotherapy or radiotherapy. The patients with osteosarcoma included 20 men and 10 women, aged between 25 and 73 years (mean 40.9±11.6 years). The benign bone tumor patient group included 19 men and 11 women, aged between 40 and 73 years (mean 54.8±12.2 years). Normal bone tissue specimens were collected by surgical resection from 10 individuals to serve as a control group. These included five men and five women, aged between 36 and 68 years (mean 49.4±10.3 years). No statistically significant differences were detected in age or gender among the three groups. All specimens were obtained following the provision of informed patient consent and were approved by the Ethics Committee of The First People's Hospital of Yancheng City [ID no. HMU (Ethics) 20121103].
Immunohistochemical staining techniques. The EnVision immunohistochemical staining method was used to detect the distributions of p-MAPK and cyclin D1. The immunohistochemical procedures were performed in strict accordance with the manufacturer's protocols. The EnVision and DAB chromogenic reagent kits (Antibody Diagnostic, Inc., New York, NY, USA) were used for immunohistochemical staining. All staining was performed under the same conditions, in which the tissue specimen was sliced into 4 µm sections, dehydrated and dewaxed, and antigen retrieval was performed using 0.01 mol/l citric acid (pH 6.0). Normal goat serum (Toyobo Co., Ltd., Osaka, Japan) was added to the tissue sections and incubated for 10 min at room temperature, following which the corresponding specific antibody (cat. no. 7074; Cell Signaling Technology, Inc., Danvers, MA, USA; dilution, 1:1,000) were added to the tissue section and incubated for 1.5 h at room temperature. The sections were washed three times with PBS for 3 min. The secondary antibody (cat. no. 4370; Cell Signaling Technology, Inc.; dilution, 1:1,000) was added and incubated for 30 min at room temperature. Staining was performed using DAB and nuclei were stained using hematoxylin. The tissue sections were then dehydrated in gradient ethanol, cleared using xylene and sealed using natural gum. Each group stained had a positive control, with the known positive section reagent provided by the reagent company (p-MAPK; cat. no. 9216; Cell Signaling Technology, Inc.; dilution, 1:1,000) (10), and a negative control, in which the corresponding specific antibody was replaced with PBS.
Staining of the nucleus in yellow or tan reactant particles indicated positivity. The staining was examined in four independent experiments for random detection using an Olympus optical microscope (BH-2; Olympus Corporation, Tokyo, Japan) at high magnification (magnification, x200). According Table I . EnVision immunohistochemical staining for p-MAPK in human osteosarcoma, benign bone tumor and normal bone tissues. The χ 2 test was used to compare positive staining between human osteosarcoma and normal bone tissues (P<0.001), between benign bone tumor and human osteosarcoma (P=0.09) and between benign bone tumor and normal bone tissues (P=0.014). +, low expression; 2+, moderate expression; 3+, high expression; p-MAPK, phosphorylated mitogen-activated protein kinase. Table II . EnVision immunohistochemical staining for cyclin D1 in human osteosarcoma, benign bone tumor and normal bone tissues. Statistical analysis. SPSS 13.0 statistical software (SPSS, Inc., Chicago, IL, USA) was used for statistical analysis. The χ 2 test was used to compare the distribution of p-MAPK and cyclin D1 among osteosarcoma tissues, benign bone tumor tissues and normal bone tissues, and Spearman's correlation was used to analyze the association between the distribution of p-MAPK and cyclin D1. P<0.05 was considered to indicate a statistically significant difference.
Results

Distribution of nuclear staining of p-MAPK in human osteosarcoma, benign bone tumor and normal bone tissues.
The positive rate of p-MAPK staining in the human osteosarcoma tissues was 86.67% (26/30). The positive rate of p-MAPK in the benign bone tumor tissues was 10.00% (3/30), and, staining was significantly higher, compared with that in the normal bone tissue (0; P<0.05). The staining intensity of p-MAPK in the human osteosarcoma tissues was significantly higher, compared with the staining intensity of p-MAPK in the benign bone tumor tissues (P<0.05; Fig. 1A-C ; Table I ).
Cell nuclear staining distribution of cyclin D1 in human osteosarcoma, benign bone tumor and normal bone tissues.
The positive rate of cyclin D1 staining in the human osteosarcoma tissues was 73.00% (22/30). The positive rate of cyclin D1 in the benign bone tumor was 3.30% (1/30), and staining was negative in normal bone tissues. The staining intensity of cyclin D1 in the benign bone tumor was significantly higher, compared with that in normal bone tissue (0; P<0.05). The staining intensity of cyclin D1 in the human osteosarcoma tissues was significantly higher, compared with the staining intensity of cyclin D1 in the benign bone tumor tissues (P<0.05; Fig. 2A-C ; Table II) .
Correlation between p-MAPK and cyclin D1 in human osteosarcoma.
To analyze the mutual associations among the proteins according to the expression of each antigen in human osteosarcoma, Spearman's correlation coefficient analysis was used. p-MAPK and cyclin D1 were positively associated with the intensity of positive staining (r= 0.714; P<0.05; Table III) .
Discussion
The occurrence and development of cancer is closely associated with abnormalities in the transfer and regulation of cellular signaling (11, 12) . Several signaling channels of carcinogenic tyrosine kinase have a convergence point with MAPK. MAPK remains static in unstimulated cells, however, it is activated following the receipt of activation signals from MAPK kinase (MKK) and MKK kinase (13) , and is phosphorylated in a stepwise manner in cells stimulated by growth factors (14) . When it is activated, MAPK transfers into the nucleus and activates certain oncogenes to stimulate the proliferation of cells and inhibit apoptosis.
The results of the present study showed that the positive rates of MAPK staining in osteosarcoma and benign bone tumors were higher, compared with that in normal bone tissues, and the expression of p-MAPK was significantly higher, compared with that in normal bone tissues. These results suggested that activation of the MAPK cascade is important in the occurrence of osteosarcoma. In addition, the degree of malignant bone tumor tissue p-MAPK staining intensity was significantly higher, compared with that of benign tumor tissue. Therefore, the results suggested that the overactivation of MAPK may be closely associated with the invasive growth potential of osteosarcoma.
Studies have indicated that the overexpression of cyclin D1 may result in a reduction of the G1 phase of the cell cycle (15) (16) (17) , leading to progression into the S phase and completing the duplication of DNA. The increase in the protein expression of cyclin D1 is observed in certain primary malignant tumors, including parathyroid adenoma, neck squamous-cell carcinoma, breast cancer, esophageal cancer, and hepatocellular carcinoma (18-21). As MAPK is expressed as an upstream gene of cyclin D1, the increase in the level of p-MAPK in osteosarcoma was directly proportional to the intensity of cyclin D1-positive staining.
The results of the present study also demonstrated that the positive rate of cyclin D1 staining was significantly higher in the osteosarcoma tissues, compared with rates in normal bone tissues and benign bone tumors. In addition, there was positive correlation between the two genes in osteosarcoma, determined by cyclin D1 and p-MAPK positive intensity. MAPK Table III . Staining of p-MAPK and cyclin D1 in human osteosarcoma cases. Cyclin D1   1  5  5  2  8  5  3  10  2  4  30  35  5  12  20  6  10  6  7  15  8  8  65  60  9  4  3  10  8  57  11  7  5  12  4  3  13  5  3  14  65  60  15  8  30  16  45  60  17  35  30  18  8  3  19  3  4  20  5  5  21  75  15  22  2  4  23  90  50  24  30  15  25  10  10  26  10  8  27  70  55  28  5  1  29  12  30  30  28  6 p-MAPK and cyclin D1 (r=0.714; P<0.05). p-MAPK, phosphorylated mitogen-activated protein kinase. is expressed upstream of cyclin D1, and overexpression of the cyclin D1 may be induced by the p-MAPK signaling pathway in osteosarcoma, which can lead to increased proliferation of the tumor cells.
In conclusion, the present study demonstrated that the expression of p-MAPK and cyclin D1 were suitable for use as markers for osteosarcoma to assist in early diagnosis and prognosis. This was achieved by examining the expression levels of p-MAPK and cyclin D1 in osteosarcoma, benign bone tumor tissues and normal bone tissues, and examining the association between the two. By interfering with the p-MAPK signal transduction pathway in human osteosarcoma, it is possible to prevent the overexpression of cyclin D1 in the tissue, which may assist in preventing the occurrence of osteosarcoma. This provides a novel technique and offers potential for clinical use in the treatment of osteosarcoma.
